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In this thesis, development of new materials to the field of optoelectronics were 
studied. Optoelectronic devices based on organic semiconductors in order to replace their 
inorganic counterparts have been an increasing focus of research in recent decades. 
Organic light-emitting diodes (OLEDs) have gained commercial acceptance for their 
potential use in high-resolution displays and solid-state lighting. This general acceptance 
is despite the fact that organic electronic concepts (solar cells, transistors and detectors) 
are still in an early stage of development. OLEDs materials intrinsic advantages, like low 
power consumption as compared to LED counterparts, a tunable color range, ease of 
manufacturing, and flexibility have facilitated their exploitation for next generation 
consumer electronics. However, OLEDs have not fully actualized in the market due to 
limited life spans, especially in regard to blue color. Thus, in order for these devices to 
reach their full potential, significant advances need to be made to improve the 
fundamental limitations cited above.  
Based on literature references, blue light has been shown to lag behind red and 
green lights in terms of stability, and thus, applicability. In this research, compounds 
from electron deficient pyrimidine derivatives and electron rich pyrene moieties, which 
can provide deep blue fluorescence, were designed, synthesized and characterized. 
Characteristics such as thermostability, photostability, UV-absorbance, fluorescence, 
energy band gaps, Commission Internationale de l'éclairage (CIE) co-ordinates, and 




CHAPTER 1. INTRODUCTION 
1.1. Organic Light Emitting Diodes (OLEDs) – A Brief Introduction 
Over the past three decades, organic electroluminescence has been one of the most 
appealing research topics in industry and academia. The captivation of this OLEDs field 
emanates principally from increase in interdisciplinary research, which include areas such as 
electrical engineering, device physics, synthetic and physical chemistry, among others.1 Organic 
semiconductors are extensively used in optoelectronic applications; most notably, in 
photovoltaic2, phototransistors3, and light emitting diodes (LEDs).4, 5 Among these, OLEDs 
comprise a novel and thrilling emissive display technology for next generation full-color, energy 
saving, flat-panel, electrical displays and illumination. Emissive materials used in OLEDs have 
several benefits over conventional lighting materials, liquid crystal displays (LCDs), and 
inorganic light emitting diodes (LEDs). These benefits entail self-emitting properties, wide 
viewing angles of greater than 170°, wider color ranges, semi-transparency, high resolution and 
contrast, increased flexibility, rapid response time, low power consumption and overall weight.6, 
7, 8   
In general, an OLED is composed of one or several emitting organic thin coatings 
inserted between an anode and a cathode.9 A basic representation for a typical OLED device is 
exhibited in Figure 1.1. Organic semiconductors, indicated as the organic layer in Figure 1.1, for 
the fabrication of OLEDs are broadly categorized as polymer light emitters, or higher molecular 
weight materials, and small molecule emitters, or materials of low molecular weight. 
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Figure 1.1. Typical OLED structure  
1.2. The Organic Emissive Layer 
The significant component in OLEDs is the emissive organic layer indicated in Figure 
1.1. Owing to their outstanding luminescent properties, as well as their extremely efficient light 
radiation in the visible electromagnetic spectrum, organic substances have appealed to the 
attentiveness of most scientists as a light source.10 This emissive organic film traditionally 
contains a material with conjugated -bonds, which could be small molecules or polymers.10, 11 
Typical examples of organic emissive materials are presented in Figure 1.2.12 These molecules 
encompass chemical clusters known as “chromophores” that absorb incident light and radiate in 
the visible region.  
The type of emitted light is reliant upon the specific chemical structure of organic layers. 
Red-green-blue (RGB) radiative materials can be combined to generate a complete color 
continuum. Therefore, three-color emissive layers have been investigated in the past and 
continue to be the center of interest in both polymers and small molecules, for actualizing 
OLEDs display and solid-lighting technology with optimal device efficiency. Blue emissive 









for example, external quantum efficiency (EQE) is less than 5% for blue in comparison with red 
and green emitters that have EQEs greater than 20%.13, 14  
 
 
Figure 1.2. Examples of emissive materials; 4-dicyanomethylene-2-methyl-6-p-
dimethylaminostyryl)-4 H-pyran (DCM), 4-(Dicyanomethylene)-2-t-butyl-6-(1,1,7,7-
tetramethyljulolidyl-9-enyl)-4H-pyran (DCJTB), dimethylquinacridone (DMQA) and fac tris-(2-
phenylpyridine) iridium (fac-Irppy3)  
 
Lifespans for blue emitters are typically very low (less than 20,000 hours), which implies 
that blue emitters degrade rapidly. This rapid deterioration is due to an inherently wide bandgap. 
Bandgap is defined as the distance between the uppermost occupied molecular orbital (HOMO) 
and lowest unoccupied molecular orbital (LUMO).14 A common reason behind rapid degradation 
of blue emitters has been attributed to the fast bond cleavage of the host materials used in these 
devices. Host materials used in blue emitters generally have a wide band gap. This remains as a 
major drawback to commercialization of OLED technology and calls for further research on blue 




1.2.1. Polymers for Light Emitting Diodes  
Polymers are defined as materials that are composed of lengthy sequences of repeat units 
of a monomeric compound.15 Often, when these repeating units are composed of a conjugated 
carbon chain, the material can show emissive and semiconducting properties.16 Semiconducting 
polymers were first discovered by Heerger, MacDiarmid and Shirakawa in 1977.17, 18 Since then, 
potential use of these polymers in OLEDs has been investigated by Burroughes et al. in 1990.19 
Polymer light emitting diodes (PLEDs) are comprised of an electroluminescent emissive material 
that gives off light when connected to a source of power. These emissive polymers are normally 
used as coatings for full-spectrum color exhibitions, which require a relatively small quantity of 
power to generate light.20 Even though PLEDs have shown remarkable efficiency in OLEDs 
application, their synthesis, purification and fabrication as thin films remains a challenge; these 
drawbacks are primarily overcome using small compounds, as investigated in this thesis, and 
which could result in attractive competitors.21 
1.2.2. Small Molecules 
Small molecule emitters for OLEDs applications (SM-OLEDs) commonly use materials 
with low molecular weights.22 Prof. Ching W. Tang was first to establish remarkable OLEDs 
using small molecules at Eastman Kodak.23 In most instances, organometallic coordination 
complexes and conjugated dendrimers are the type of molecules that are typically used in SM-
OLEDs.24 Differing from PLEDs, SM-OLEDs can be fabricated through vapor deposition, and 
hence, extremely convoluted multi-layer structures may be constructed.25 This extraordinary 
flexibility in stratum design is the principal cause for high efficiencies of the SM-OLEDs.26 In 
addition, emissive materials such as pyrenyl-pyrimidine for SM-OLEDs application are 
generally easier to synthesize and purify than PLEDs. Chapter 2 of this thesis focuses on the 
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synthesis and characterization of small molecules with blue emission for potential OLEDs 
applications. 
1.3. Fluorescent Blue-Emitters 
The research work presented in Chapter 2 of this thesis focuses on development of 
candidates for blue-emitting materials in OLEDs. Ideally, red-green-blue (RGB) should yield 
equivalent pigment purity, operative lifespan, and efficiency for OLED technology to be 
actualized.27 However, the wide band gap of blue emitters affect well-organized charge 
injection.28 This leads to a rapid degradation of emissive layer upon excitation.28 As a result, 
blue-emitters tend to have the following limitations: lower operational lifetime, lower efficiency, 
and lower spectral purities, creating a large obstacle to fully commercialize OLED technology.29  
Blue fluorescent emitting layers exist in two forms (i) doped and (ii) non-doped. Doped 
systems are usually designed by integrating blue incandescent pigments in emissive materials to 
prevent fluorescence quenching. This blending strategy often suffers from limitations due to 
aggregation of dopants and phase separation as a result of incompatibilities of materials. Non-
doped systems, which are discussed in more detail in Chapter 2, are a strategy that has 
demonstrated elimination of complications like phase separation and concentration-based 
quenching. However, challenges such as low charge injection and passage emanating from the 
inherent large energy gap persist still.30, 31  
1.3.1. Non-doped Blue Emitters 
In order to investigate diverse types of blue fluorescence emitters for non-doped SM-
OLEDs materials based on di(styryl)arylene, carbazole, anthracene, phenanthrene, 
tryphenylamine, fluorene, and pyrene have been synthesized to improve on their 
electroluminescence (EL) characteristics (Figure 1.3).32-36 Anthracene derivatives have been 
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developed and investigated in the literature as a blue emissive material owing to their good 
photoluminescence (PL) properties in solution, as well as emission with reduced luminescent 
quenching in solid films.37 Incorporating different moieties that are mostly electron deficient that 
can facilitate the electron transportation within the system, modifies these blue fluorophores by 
promoting electron localization within the system.38 For instance, Shu et al., have shown a 
remarkable photoluminescence quantum yield (PLQY) of approximately 0.89 relative to DPA, a 
precursor, in solid state for 2-tert-butyl-9,10-bis[4-(1,2,2-triphenylvinyl)phenyl]anthracene 
(TPVAn) (Figure 1.4).39 This value is a dramatic increase from the PLQY value obtained from 
diluted solution (0.06). This high PLQY value from TPVAn was ascribed to restricted 
intramolecular motion of phenyl rings in the solid state, which may translate to a higher EQE of 
the emitter material.40   
 
Figure 1.3. Blue fluorescent emitters using nondoped SM-OLEDs 
 Furthermore, due to their high PLQYs and enhanced thermal- and photo-stabilities, 
anthracene- and fluorene- containing molecules have also been extensively investigated as 
possible blue emissive materials.41 Nonetheless, fluorene-based devices have red-shifted (long-
wavelength) emissions that emanate mostly from electro-oxidized cleavage or photo cleavage of 
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C9-substituted alkyl pendent cluster(s).42 This red shifted emission leads to degraded pigment 
purity. To address this issue, Wong et al., designed ter(9,9-diarylfluorene) (TDAF), in which the 
aryl group afforded hindrance on the interchromophore. This molecule exhibited high PLQY of 
0.9 in the solid state.43, 44  
 
 
Figure 1.4. 9,10-diphenylanthracene (DPA), TPVAn and TDAF 
Carbazole, shown in Figure 1.3, is another blue emitter that has gained attention as a 
significant component of organic material for OLEDs application due to its propensity for blue 
emission.45 Therefore, numerous researchers have focused on properties centered on the 
carbazole unit. For instance, phenothiazine and pyrenyl-carbazole-based electroluminescent 
OLEDs were developed by Salunke et al.46 Carbazole-derived group of uniform materials based 
on organic salts (GUMBOs) has also been developed by Siraj et al., and have shown remarkable 
properties for blue emission, such as enhanced PLQY and EQEs values.47 
1.4. Multifunctional Non-doped Blue-Emitters 
As mentioned earlier, the electroluminescence properties of blue emitters usually suffer 
from stunted charge injection and conveyance in the emissive layer. In order to obtain high 
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efficiencies in blue OLEDs, optimization of charge balance has to be achieved.41 Normally an 
emissive layer featured with enhanced charge injection and conveyance properties can 
effectively elevate device performances.48 Thus, appropriate blue emitters should possess 
excellent charge carrier conveyance capabilities to provide a balanced stream of electrons and 
holes to emissive material in a simplified device structure.41, 48 Due to these necessary 
characteristics, electron and/or hole conveyance units may be built into the blue-emitting 
molecule. 
 
Figure 1.5. Examples of P-type non-doped blue fluorescent materials: 9-pyrenyl-10(4-
triphenylamine)anthrancene (PAA) and 4-(10-(3’,5’-diphenylbiphenyl-4-yl)anthracen-9-yl)-N,N-
diphenylaniline (TATa) 
 
1.4.1. P-type vs. N-type Non-doped Blue-Emitters 
P-type compounds are molecules that are covalently attached to blue fluorophores during 
synthesis and add or enhance good hole-transporting abilities through an electron-rich species. 
Triarylamine groups, for instance, enhance hole transport via highly stable radical cation 
species.49 These groups have also been increasingly incorporated into molecules and provide 
bulky compounds with higher thermal stability.49, 50 In this thesis, focus is on the N-type non-
doped blue fluorescent emitters, which incorporate electron-accepting molecules into the matrix 
and are discussed in more detail below. 
Electron-accepting material, such as indenopyrazine51, quinoline52, imidazole53,54,55 
pyridine56 and pyrimidine57 (Figure 1.6), have been exploited in the past to develop novel N-type 
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RGB emitters. All of these electron-accepting moieties, when covalently linked to the emissive 
materials, such as carbazole, anthracene, pyrene etc., have shown remarkable properties for 
OLEDs application.58 For instance, Park et al., have shown that by incorporating indenopyrazine 
to emissive layer facilitates electron injection and transportation leading to a deep blue emitting 
material.59 
 
Figure 1.6. Electron accepting materials 
 
1.4.2. Pyrene as a Blue Emitter  
Pyrene is a relatively small polycyclic hydrocarbon comprised of four aromatic rings. 
The name “pyrene” originates from the antique Greek word “πυρ” which denotes fire, as the 
French organic chemist Auguste Laurent was convinced that pyrene was produced whenever 
organic matter was burned. Pyrene presents an intense native deep blue fluorescence in 
cyclohexane solution with a maximum emission wavelength at 380 nm and a PLQY in EtOH of 
0.65.60 For this reason, pyrene was chosen as the blue fluorophore in this thesis. Moreover, 
pyrene has been shown to possess high photo- and thermal-stability, which are appealing 
characteristics for emissive layers.61 Despite pyrene exhibiting these desired qualities for blue 
OLEDs application, it is known to present poor charge transport mobility and has a robust 
propensity for forming crystalline excimers.62,63 It has been shown in the literature that pyrene-
pyrene excimers have a significant bathochromic shift in fluorescence emission of roughly 30 to 
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40 nm, which leads to a shift from “deep-blue” to “sky-blue;” hence, degrading the color 
purity.64  
In order to disrupt excimer formation of pyrene molecules, derivatives should be 
carefully designed. An unadorned and effective approach to suppressing excimer formation has 
been  demonstrated by use of tetra(o-tolyl)pyrene (TOTP).65 Poly-pyrenes prepared by 1-3-
polymerization66 or pyrene core based poly-phenylene dendrimers67,68 have also been designed to 
prevent pyrene-pyrene stacking, thus providing excellent suppression of excimer formation with 
the shortcoming that OLEDs are most often processed in solution. In addition, these polymers 
demand significant synthetic prowess and complex purification processes. A simple, but 
efficient, tert-butylcarbazole substituted pyrene derivative has been demonstrated by Kaafarani 
et al., for solution fabricated OLEDs.69 Recently, De Silva et al. have developed deep blue 
emitters by integrating pyrene moieties with a pyridine core, that presents superb optical 
properties, enhanced thermal stability, and increased PQLY and EQE.70 Novel pyrenyl-
pyrimidine compounds were synthesized and compared to previously reported materials in this 
thesis. The conjugated incorporation of electron-accepting pyrimidine is anticipated to assist in 
reduction of pyrene aggregation and improve color stability in the solid state. Preliminary results 
have indicated the possibility of using pyrenyl-pyrimidine conjugates in the fabrication of 
OLEDs as robust blue emissive layers.  
1.5. Analytical Techniques Used in This Research 
1.5.1. Ultraviolet-Visible Spectroscopy (UV-vis) 
Ultraviolet-Visible Spectroscopy (UV-vis) is a characterization procedure for analyses of 
molecules that absorb light in the ultraviolet and visible region of the electromagnetic spectrum. 
In this technique, a beam of light is passed through an analyte sample causing a reduction in the 
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intensity of light due to absorption of it by the analyte.71 Upon analyte absorption, common 
electronic transitions of organic compounds may occur, such as pi-bonding to pi-antibonding (-
*), non-bonding to pi-antibonding (n-*), non-bonding to sigma anti-bonding (n-*), -*, and 
-*, shown in Figure 1.7.72  
 
Figure 1.7. Various transitions that emanates from UV-vis absorption spectroscopy   
A double beam UV-vis spectrophotometer (Figure 1.8) is often used to measure and 
record the amount of energy that molecules absorb whenever they are exposed to UV-vis light. 
The light source (lamp) generates energy, which is passed through a monochromator that select 
the desired wavelength range. A beam splitter indicated in the diagram divides the light into two 
beams.  
                                                                       1.1 
One of the beams passes through the reference holder and the other through the sample 
holder simultaneously. A photomultiplier or diode array detector is then used to record the light 
absorbed or transmitted by the sample. A spectrum is then obtained as a result of plotting the 











as the absorbance (A) is related to the molar absorptivity (), concentration (c) of the analyte as 
well as the path length of the cuvette (b) by the equation 1.1.73, 74  
Figure 1.8. Schematic representation of a double beam UV-vis spectrophotometer 
15.2. Fluorescence Spectroscopy 
Luminescence is defined as the radiative transitions between states of the same 
multiplicities commonly studied through fluorescence spectroscopy.75 Luminescence is further 
subdivided into photoluminescence, electroluminescence, chemiluminescence, 
radioluminescence, and thermoluminescence based on the excitation source.76 In this thesis, 
photoluminescence is elaborated and discussed further as an evaluation for a given fluorophores 
and is crucial to determining the potential emissive layer of an OLED. Photoluminescence is 
generally measured using an instrument known as spectrofluorometer, which is schematically 

























A typical spectrofluorometer consists of a light source, excitation and emission 
monochromators, a sample holder or chamber, and detector that may be a photomultiplier tube or 
a Charged Coupled Device (CCD). It is worth noting that the 90 configuration in the instrument 
minimizes incident light reaching the detector. The excitation monochromator allows light of the 
selected excitation wavelength, to irradiate the sample, which may be in solid state in thin films 
on quartz glass or solution state inside optically transparent glass cuvettes.  
Figure 1.9. Schematic representation of a spectrofluorometer  
Commonly used light sources for the spectrofluorometer are lasers, photodiodes, and 
lamps. The output from the spectrofluorometer is a spectrum of fluorescence intensity versus the 
wavelength range.78 Another interesting feature of the emitter materials realized from 
spectrofluorometer measurements is the "Commission internationale de l'éclairage" “C.I.E” 
coordinates of the emitter compound.78-80 Furthermore, spectrofluorometer assists in the 
determination of PLQY. For the purpose of this thesis, absolute PLQY measurements were done 
using an integrated sphere that was incorporated to the spectrofluorometer.  
 
   
 
 




































Figure 1.10. Jablonski diagram showing radiative (solid lines) and non-radiative (dashed lines) 
processes  
 
It is worth noting that fluorescence can occur alongside several other competing 
processes, which tend to decrease the PLQY and EQE of the emissive material as indicated by a 
simplified Jablonski diagram shown in Figure 1.10. Molecules can undergo internal conversion, 
which is a non-radiative transition between a higher to lower energy electronic state (10-9 s). 
Intersystem crossing is another non-radiative process that occurs when there is transition 
between electronic states of different multiplicity, such as S1 to T1 transition with a time flame of 







































Phosphorescence is another competing process that is a radiative transition that occurs 
from T1 to S0 in most organic molecules with a time flame of 10
-3 – 10-9 and harness 75% of 
exciton as compared to 25% exciton harvested by the fluorescence as shown in table 1.1. Finally, 
a more recent process that is harnessing 100% exciton is worth mentioning, i.e. thermally 
activated delayed fluorescence (TADF). This process involves system crossing to and from the 
triplet before undergoing radiative transition from S1 to S0 via fluorescence. This in turn 
facilitates fluorophores to harvest all excitons from the singlet state and triplet states; thus, 
yielding 100% harness of excitons.80-82 
Table 1.1. Approximate duration for intramolecular energy transmission processes  
Process Time, sec 
Excitation 10-15 
Absorption 10-15 
Vibrational relaxation 10-12 
Internal conversion 10-12  
Fluorescence 10-9 
Phosphorescence  10-3 – 10-6 
 
1.5.3. X-Ray Diffraction (XRD) Studies. 
Solid-state and thin-film morphology is very important information for understanding the 
photophysical properties of EMLs. In different forms of this method, X-rays interacts with the 
sample in the form of a single crystal, a powder, or a thin film, and diffracts with constructive 
and destructive interferences determined by Bragg’s equation 1.3.83-85 
 ,     1.3 
where n is a constant that is always positive, d is lattice spacing  is the wavelength of the 
incident wave, and  is the scattering angle.  
Single powder x-ray diffraction (PXRD), which is a rapid analytical procedure 






unit cells, was employed in this thesis. The material that was probed was finely powdered, 
homogenized and an average bulky composition determined. All diffraction methods are based 
on generation of X-ray tube. These X-rays are directed at the samples and the diffracted rays are 
collected. The fundamental component of all diffraction is normally the angle between the 
incident and diffracted rays.85, 86  
 
Figure 1.11. Schematic diagram of a typical FTIR   
1.5.4. Fourier Transform Infrared Spectroscopy  
Fourier Transform Infrared Spectroscopy (FTIR) is an analytical technique that is used to 
give precise and accurate identification to organic compounds, polymeric, and inorganic 
materials.87, 88 Infrared light is scanned through the solid or liquid sample in this technique where 
the spectrum reveals the nature of the chemical investigated.87 Normally, FTIR instrument, a 











through a sample, where some of radiation are absorbed and some pass through without being 
absorbed and a spectrum is generated.89 The resulting signal at the detector is presented as a 
spectrum, typically from 4000 cm-1 to 400 cm-1, representing a molecular fingerprint of the 
sample. Each molecule or chemical structure normally produces a unique spectra 
fingerprint, making FTIR analysis a great tool for structural elucidation.90-92 Therefore, 
FTIR was used in this thesis in identifying the chemical structures of the newly synthesized 
compounds.  
1.5.5. Thermogravimetric Analysis (TGA) 
TGA is an analytical technique in which the mass of a substance is monitored as a 
function of temperature or time as the sample specimen is subjected to a controlled temperature 
program in a controlled program.93 This technique employs a sample pan that is supported by a 
precise balance, which resides in a furnace where it is heated or cooled during the experiment.93, 
94 It also consists of an inert or reactive sample purge gas that flows over the sample and exits via 
an exhaust to control the sample environment. The change in mass of the sample is thus 
monitored during the experiment; hence this technique can be used to quantify loss of water, loss 
of solvent, loss of plasticizer, decarboxylation, pyrolysis, oxidation, decomposition etc. A TGA 
thermal curve is displayed from left to right where the descending TGA thermal curve indicates a 
weight loss occurred.93 
1.6. Chromaticity and Color Gamut 
The "Commission internationale de l'éclairage" (CIE) color model is a color space model 
that was created by the International Commission on Illumination known as the Commission 
Internationale de I’Elcairage (CIE).95 It is actually a mapping system that uses tri-stimulus 
values, a combination of the three mathematical functions that represent the primary color values 
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red, green and blue to generate the observed color, which are plotted in a 3D space. In this way, 
this model eliminates the chromatic response of the eye; a response that changes as the cones 
across the retina differ in their response to light and color in different areas of the retina.96 The 
CIE color space is dated back to 1931, and is the most accurate color model whose aim is to map 
out all the colors.97  
1.7. Scope of Thesis 
This thesis is focused on the design, synthesis, and characterization of pyrenyl-
pyrimidine derivatives, which present a high potential as blue emissive materials for possible 
OLEDs applications. Accordingly, chapter two includes two novel blue light emitting 
compounds, 2,5-dipyrenylpyrimidine and 2,4,6-tripyrenylpyrimidine which were thoroughly 
evaluated for solution and solid state optical characteristics as well as other properties such as 

























CHAPTER 2. DESIGN, SYNTHESIS, CHARACTERIZATION AND SOLID STATE 




Highly photoluminescent compounds have numerous applications like in sensors,98 as 
biomarkers,99 in organic photo-voltaic (OPV),100, 101 solar cells, 102, 103 and organic light emitting 
diodes (OLEDs).104-106 Recently, emphasis has focused on development and diversification of 
OPVs and OLEDs technologies with the aim of mitigating the world’s energy-shortage 
problems.107-110 These technologies have the strategic advantage of harnessing solar energy and 
low cost manufacturing, respectively. Extensive research has been carried out to promote OLEDs 
into commercial applications as flat-panel display especially with smart-phone technology 
explosion, television screens, laptops, monitors, solid-state lighting resources, and more.111-113 
This widespread technology takes advantage of the opportunity provided by -conjugated 
systems of polycyclic aromatic hydrocarbons to obtain a desired light source.114 These -
conjugated systems have energy structures suited for emission in the visible region of the 
electromagnetic spectrum (EMS).115 In addition, the ease of tailoring chemical and electronic 
properties of these structures is relatively simple.116, 117 
For a full color display and solid lighting, red, green and blue light emitters, of relatively 
equal stability, efficiency and color purity are required, and these emitters could be either 
polymers or small organic molecules.118-120 Small organic molecules for OLEDs are preferred 
over polymers due to their easier synthesis, purification, characterization, and modification. Red 
and green emitters have been widely explored, whereas development of blue emitters has lagged 
in terms of color purity and efficiency.121 Low-wavelength emitters (i.e. blue emitters) are of 
particular interest as they are necessary to obtain white light.122 This lagging in development is a 
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result of large HOMO-LUMO energy gaps and low electron affinities (EAs), leading to 
inefficient electron injection into the blue emitters.123 To compensate for poor electron injection, 
an additional electron-transport/hole-blocking layer, as well as a low-work-function cathode, can 
be used.124 However, this approach suffers from complicated fabrication processes or poor 
environmental stability of the active materials.124  
These poor electron injection and transport properties relates to blue emitters that have 
lower performance properties than red and green emitting layers, since the low electron injection 
leads to lower external quantum efficiency (EQE) and vice versa. To date, most blue-emitting 
compounds have an EQE of less than 5% and a lifetime less than 20,000 hours.125 
Comparatively, red and green emitters exhibit 19-20% EQE, and lifetimes reaching 
approximately100,000 h.125 Therefore development of high efficiency blue emitters for OLEDs 
fabrication with longer performance lifetimes is an urgent concern to actualize commercial 
applications in display and solid state lighting. Along with device performance requirements, 
blue emitters for OLEDs application require a standard Commission Internationale de 
L’Eclairage (CIE) coordinate value less than 0.15 along with an (x+y) value less than 0.30.41 
Therefore, it is of great interest in the scientific community to design blue emitting materials 
with high EAs that also facilitate electron injection and transport.126  
Compounds that have been used for blue emitting OLEDs fabrication include polycyclic 
aromatic hydrocarbons (PAHs) based luminophores such as carbazole,127, 128 anthracene,129 
di(styryl)arylene,130 perylene,131 fluorene,127, 132 and pyrene.133, 134 Among these luminophores, 
pyrene provides a great potential for the fabrication of new OLEDs materials owing to its 
excellent emission properties, strong absorption cross section, which is a measure for the 
probability of an absorption process, long excited state lifetime, high thermal- and photo- 
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stabilities, and favorable charge carrier properties.135 136 Correspondingly, a number of pyrene 
derivatives have already been reported as blue- or green- emitters, such as pyrene-functionalized 
carbazole,137 pyrene-functionalized triphenylamine,138 and pyrene-functionalized pyridine.139 
However, the realization of a blue emitter with a lifetime and EQE closer to red and green has 
not yet been attained.  
In this chapter, a blue-emitting target involving the functionalization of pyrene, which has 
a native deep blue fluorescence, has been proposed. Pyrene by itself as a candidate for a solid-
state blue emitter, present certain limitations due to poor charge carrier mobility characteristics 
and a strong tendency to undergo excimer formation due to -* stacking in the solid state.140, 141 
Excimer formation conduces to a significant bathochromic shift in fluorescence emission of 
approximately 30–40 nm (a shift from “deep-blue” to “sky-blue”).141 Often, pyrene in the 
condensed state also shows aggregation induced quenching, that diminishes color purity (alters 
the desired CIE coordinates) and efficiency of the device.139 Alternatively, in rare cases, some 
derivatives exhibit aggregation-induced emission (AIE), which takes advantage of the restriction 
of intermolecular rotation within the structure. This restriction normally enhances the emission 
efficiency in the condensed solid state.142 41 
It is relevant to design blue emitting materials with high EA values and small energy gaps 
in order to enhance electron injection into the blue emitter.41 To achieve this, researchers have 
developed N-type non-doped blue fluorescence emitter materials, which have high EA values 
hence facilitating electron injection and transport.41 In addition to facilitating electron injection 
and transport, compounds through which pyrene are attached may contain moieties that also 
assist in reducing the aggregation -* stacking. To achieve this, pyrene units are mutually 
twisted into nearly orthogonal conformation with respect to each other. These twisted 
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conformations electronically isolate individual pyrene moieties within each molecule to 
minimize π-π* stacking as a result of the increased steric hindrance that prevent face-to-face 
pyrene aggregation.143 
To improve upon electronic properties, such as decreasing energy gaps for enhanced 
electron injection, as well as incorporate torsional strain and intramolecular twisting, electron-
accepting moieties have been used as a central ring.144 Electron deficient molecules such as 
pyrazine, quinolone, imidazole, phosphine oxide, pyridine, and pyrimidine are covalently linked 
directly to blue-emitting fluorophores.145 A series of pyrenyl-pyridines compounds for blue 
emission have been synthesized and characterized recently by De Silva et al.,146 pyrene-
imidazole derivatives have been previously reported for OLEDs,147 and pyrene-oxadiazoles for 
OLEDs has also been investigated.148 149 
Herein, two novel derivatives of pyrenyl-pyrimidine compounds, namely 2,5- 
pyrenylpyrimidine (2,5-DPP) and 2,4,6-tripyrenylpyrimidine (TPP), were synthesized. Their 
properties as potential blue-emitters were studied and compared to 2,4-DPP and 4,6-DPP both in 
solution and solid state. Novel compounds reported in this study exhibit high thermal stability, 
desirable emission properties in the solid state, and one isomer were found to have a quantum 
yield of over 100% in solution. Optical spectra confirm the low HOMO-LUMO energy gap, 
which also confirms their suitability for their potential use as a hole-transport layer in light 
emitting devices. The low energy band gap ranges between 1 to 1.5 eV while the high band gap 
ranges between 2 to 4 eV.150 From the results obtained from this study, the new compounds 





2.2. Experimental Methods 
2.2.1. Materials and Reagents 
Pyrene-1-boronic acid, 2,4,6-trichloropyrene, 2,4-dichloropyrimidine, 2,5-
dichloropyrimidine and 4,6-dichloropyrimidine were purchased from Tokyo Chemical Industries 
Co. Ltd. (Portland, OR) and 1,4-dioxane was purchased from Acros Organics (West Chester, 
PA). Tetrakis (triphenylphosphine) palladium(0), bis(triphenylphosphine) palladium (II) 
dichloride (Pd(PPh3)2Cl2 were all bought from Sigma-Aldrich (St. Louis, MO). Potassium 
carbonate (K2CO3) was procured from Fisher Scientific (Fair Lawn, NJ). Chloroform (CHCl3), 
tetrahydrofuran (THF), acetone, isopropanol, ethanol, ethyl acetate (EA), hexane, ethyl acetate 
(EtOAc), dimethyl sulfoxide (DMSO), acetonitrile (ACN), toluene, dichloromethane (DCM) and 
methanol (MeOH) were purchased from Macron (Center Valley, PA). All chemicals were used 
as received without further purification. Column chromatography was performed on silica gel 
(Sorbent Technologies, 60 Å, 60-63 m) slurry packed in glass columns. Quartz glass was 
acquired from SPI supplies and used to prepare solid films.  
2.2.2. Instrumentation.  
Absorbance measurements were performed using a scanning spectrophotometer (UV-
3101PC, Shimadzu, Columbia, MD), and fluorescence emission was measured on HORIBA 
Spex Fluorolog-3-spectrofluorometer (model FL3-22TAU3; Jobin-Yvon, Edison, NJ). In order 
to measure photostability, a 450Watt lamp of the fluorometer (FL-1039/40) was used as light 
source with entrance and exit slit widths maintained at 14 nm. The photostabilities of each 
compound, both in solution and solid state (thin film) were studied over a period of 3600s by 
exciting at their respective absorption maxima and measuring their fluorescence at their emission 
maxima. An integrating sphere (150 mm internal diameter) was used to measure the absolute 
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quantum yields for solution and film samples by connecting the fluorometer to Horiba Scientific 
Quanta φ accessory (model FL3-22TAU3; HORIBA Scientific, Edison, NJ), with entrance and 
exit slit widths maintained at 3-5 nm and using quartz cuvettes (Starna Cells) with path lengths 
of 1cm. For the photoluminescence quantum yield (PLQY) measurements, the slit width was 
opened to 3-5 nm and filters (CVI optic filters, HORIBA Scientific) on both the entrance and 
exit were used, this was achieved by connecting an integrating sphere to the fluorimeter. Thermal 
stability studies were performed with a Hi-Res Modulated TGA 2950 Thermogravimetric 
Analyzer (TA Instruments, New Castle, DE). Samples were heated gradually from room 
temperature to 600 C at a rate of 10 C per minute. The values of the inception temperature 
were determined using TA Universal Analysis software and reported as the decomposition 
temperatures (Td) from 5% weight loss. MPA160 melting point apparatus (Stanford Research 
Systems, Inc., Sunnyvale, CA) was employed to determine the melting point of synthesized 
compounds Powder X-ray diffraction analysis was performed with a Panalytical Empyrean 
multipurpose diffractometer (Westborough, MA). Solid films were prepared using a spin coater 
model WS-650 MZ-23NPPB with static mode at a spin rate of 600 rpm and duration of 30s.  
2.3. Synthesis and Characterization 
2.3.1. General Syntheses of Pyrenyl-Pyrimidine Derivatives  
A one-step Suzuki coupling reaction between chloro-pyrimidine and pyrene-1-boronic 
acid was used to synthesize four pyrenyl-pyrimidine compounds namely 2,4-DPP, 4,6-DPP, 2,5-
DPP, and TPP. A previously reported synthesis of 2,4-DPP and 4,6-DPP was followed with 
slight modification and was adapted for 2,5-DPP and TPP.151 A schematic of the synthetic path 
of TPP and structures of four synthetized compounds are shown in Figure 2.1. Further details of 




Figure 2.1. Synthesized Compounds (a) 2,4,6-tripyrenylpyrimidine (TPP), and the dipyrenyl 
pyrimidine synthesized, (b) 2,5-dipyrenylpyrimidine (2,5-DPP), 4,6-dipyrenylpyrimidine (4,6-
DPP) and 2,4-dipyrenylpyrimidine (2,4-DPP).  
 
Briefly, a typical synthesis of 2,4,6-TPP was performed in an air free flask that was 
charged with 2,4,6-trichloropyrimidine (550mg, 3.0 mmol), pyrenyl-1-boronic acid (2.6657g, 
10.8 mmol), and Pd(PPh3)2Cl2 catalyst (158 mg, 0.225 mmol) in a glove box. To the reaction 
vessel, 1,4-dioxane (180 mL, degassed for 60 min with dry nitrogen) and aqueous solution of 
K2CO3 (2.0 M, 75 mL) were introduced while purging with argon. The resultant mixture was 
stirred at 90 °C for 24 hours under argon atmosphere. The reaction progress was monitored with 
thin layer chromatography (TLC) and electrospray ionization mass spectroscopy (ESI-MS). 
After 24 hours, adding ice to the reaction vessel to precipitate brown-green solids, which were 
filtered, stopped the reaction. The solids obtained were washed several times with brine solution 
(60 ml  3) and charged in a column for purification. Pure product was achieved with flash 
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column chromatography 2:3 hexane: chloroform (CHCl3) for 2,4-DPP, 0.1% MeOH in CHCl3 
for 2,5-DPP, 1% MeOH in CHCl3 for 4,6-DPP and finally 1:1 hexane: CHCl3 for TPP. The 
products obtained from column purification were further dissolved in CHCl3 and recrystallized 
with MeOH to give yellow and brown solids of the desired compounds with high yields (50-
90%). All pyrenyl-pyrimidine compounds obtained were characterized with ESI-MS and nuclear 
magnetic resonance (NMR) spectroscopy and the spectral details are included in appendix. 
2.4. Results and Discussion 
2.4.2. Thermal Gravimetric Analysis (TGA) and Melting Point  
The ability to withstand high temperature operations and storage is one of the most 
important reliability-related features of OLEDs desired today. Therefore, the decomposition 
temperature (Td) of the pyrenyl-pyrimidine compounds is an important characteristic for long-
term operation OLEDs devices. Since OLEDs generate heat as a result of thermionic emission 
and electrical stress, decomposition of the organic layer often occurs, suggesting that the 
synthesized blue emitter should be of high thermal stability.152 Consequently, stability of the 
pyrenyl-pyrimidine materials upon heating was evaluated using TGA, and results are presented 
in Figure 2.2. TGA measurements indicate that all pyrenyl-pyrimidine compounds have high 
thermal stabilities with Td (corresponding to 5% weight loss) ranging from 420 °C to 550 °C as 
shown in Table 2.1, which indicates that these compounds have a high potential for their 
application in OLEDs devices. The Td for 2,5-DPP and TPP was higher than 2,4-DPP and 4,6-
DPP, presenting an advantage from these last two compounds previously reported. It is 
hypothesized that thermal stabilities were greatly enhanced due to presence of more pyrene 
moieties in these new compounds in case of the TPP, which leads to an increase in inter and 
intramolecular interactions thus leading to higher thermal stability. The high thermal stability 
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observed in TPP could translate not only to high power and brightness operations, but also to 
applications such as automotive lighting, where the interior automobile temperature often 
exceeds the ambient temperature by 50 °C or more.153 Furthermore, high thermal stability will be 
reflected in high lifetime capabilities due to a lower degradation by temperature over time.154 
Table 2.1. Summary of the Melting and Thermal Properties of Pyrenyl-Pyrimidines 
Compounds Melting Point 
(C) 
Decomposition temperature (Tonset) 
(C) 
2,4-DPP 234 422 
4,6-DPP 293 429 
2,5-DPP 260 435 
TPP >300 490 
All pyrenyl-pyrimidine compounds presented high melting points as shown in Table 2.1 
with their melting point ranging from 234 to more than 300 C. Melting temperatures of pyrenyl-
pyrimidines increased in the following order 2,4-DPP, 4,6-DPP, 2,5-DPP and TPP, which 
paralleled the TGA trend. The melting point trend is attributed to the structure of these pyrenyl-
pyrimidine compounds, with TPP having the highest melting point due to enhanced inter- and 
intramolecular interaction emanating from the additional pyrene ring in the molecule. The high 
melting point is essential when designing OLEDs emissive materials, as the material needs to 
withstand high temperature. 
 



























2.4.3. Powder X-ray diffraction (PXRD) 
Extensive research has focused on the design of amorphous materials to avoid nonlinear 
optical activity from crystalline materials for OLEDs.155 The solid-state conformation often 
influences molecular aggregation and thin-film morphology, thus affecting photo-physical 
properties of chromophoric compounds, particularly in solid phase. Powder X-ray diffraction 
(PXRD) was therefore employed to estimate the crystalinity and bulky conformations of the 
synthesized pyrenyl-pyrimidines. With packing difficulties, TPP showed broad peaks with low 
intensity, which indicated that this compound was amorphous in the solid state (see Figure 2.8 in 
appendix). While 2,4-DPP, 2,5-DPP and 4,6-DPP showed sharp peaks of low intensity indicating 
they are semi-crystalline compounds in nature.  
The amorphous nature of TPP is attributed to highly twisting conformation adopted by 
these compounds due to intramolecular steric hindrance caused by connections to the small 
pyrimidine molecule. The twisted conformation helps to prevent any specific strong 
intermolecular interactions such as -* stacking as shown in supporting materials (Appendix 
Figure 2.8). The most important and interesting observation was that, the molecular packing that 
might be present in the TPP and 2,5-DPP did not alter the fluorescence properties of these 
compounds, as there was insignificant red shifting of the fluorescence maxima as observed in 
Figures 2.4 and 2.5. This is important especially for their potential to be employed as materials 
for OLEDs devices, as the deep blue color associated with these compounds in solid state is not 






2.5. Photophysical Properties 
2.5.1. UV-Vis Spectroscopy 
UV-vis absorption spectra of pyrenyl-pyrimidines were recorded for their dilute 
chloroform solution (10 M) and thin films as shown in Figure 2.3. Thin films were formed on 
quartz slides using spin coating method. Evaluation of the results presented in Figure 2.3 showed 
that 2,5-DPP and TPP showed three broad absorption bands in both solid and solution state, with 
absorption peak maxima (Amax) at 240  1 nm (Amax3), 281  3 nm (Amax2), and 376  5 (Amax1). 
Both the solid and solution state absorption spectra resembled that of pure pyrene. The 
absorption peaks are assigned to S0 to S3 (Amax3), S0 to S2 (Amax2) and S0 to S1 (Amax1) electronic 
transitions. Due to interchromophore electronic interaction, there was substantial broadening of 
the absorption bands, which was more pronounced in solid state. The interchromophore 
interaction could occur as a result of pyrene interaction within the same molecule. Further 
broadening could be attributed to intermolecular electronic interaction in the solid state.156 
Accordingly, all compounds showed very slight peak shifts in their absorption in solid state, 
where a 10 nm red shift was observed as is represented in Figure 2.3 and Figure 2.13 of 
appendix. This shift indicates that pyrene is presumed to be highly twisted around the pyrimidine 
core, which results in non-coplanar pyrenylpyrimidine moieties that can effectively suppress the 
intermolecular -* stacking in the solid state.157 Interestingly, in the case of TPP, there was 
minimal change in the absorption maxima upon its transition to solid state. It can be seen that all 
of the four compounds in solution showed similar absorption bands at a wavelength of 
approximately 281  1 nm, which can be attributed to the -* transition of their common pyrene 
rings.157 The higher wavelength absorption bands that range from 360 to 370 nm for the solution 
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and 370 to 380 nm for the solid-state in thin films originates from  to * transition from pyrene 




Figure 2.3. Solid lines represent the UV-Vis spectra for normalized 10 M CHCl3 solution of 
each DPPs and TPP. Dashed lines represent UV-Vis spectra of solid state of DPPs and TPP spin 
coated on quartz glass. 
 
The energy band gap (Egap), which is defined as the energy difference between the 
highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital 
(LUMO), was calculated from the onset of the lowest energy absorption peak. That is, the 
negative tangent line of the lowest energy absorption peak that intersects with a linear tangent 
line of the absorption tail as shown in Figure 2.14 of the appendix section. The energy band gap 

































whether blue, red or green region. Energy band gaps varied from 2.5 to 3 eV both in solution and 
solid state and it was determined as shown in Figure 2.14 of the appendix section and from 
equation 1. The energy band gaps for the newly synthesized pyrenyl-pyrimidine compounds 
were observed to be closer to the desired literature value of 2.64 Ev,
158 a value associated with 
blue emission. Key photophysical data (band gaps) are summarized in Table 2.2  
                                                                             (1) 
Table 2.2. Band Gap of Synthesized OLEDs Compounds in Solution and Film  
Compound Egap (eV) 
Solution (10 μM) 
Egap (eV) 
Film  (1 mM) 
2,4-DPP 3.05 2.89 
4,6-DPP 3.06 2.69 
2,5-DPP 2.95 2.58 
     TPP 2.99 2.82 
 
Molar absorptivity was also determined and is presented in Table 2.3 below. The molar 
absorptivity for DPPs were very close to the molar absorptivity of pyrene, but for TPP, this value 
was higher than that of pyrene, which was attributed to the increase in pyrene moieties in this 
molecule. Since molar absorptivity is a measure of how a compound can efficiently absorb light, 
TPP shows potent with how it interacts with light. This is interesting because it indicates that 
more molecules are likely to be promoted to the excited state. 
Table2.3. Molar Absorptivity of the DPPs and TPP  













2.5.2. Fluorescence Spectroscopy  
Fluorescence spectra of all pyrenyl-pyrimidines were recorded in dilute chloroform 
(1M) and in thin films prepared by spin coating. Results are presented in Figures 2.4 and 2.5 
below. Emission spectra of all pyrenyl-pyrimidines in dilute solution largely resembled to pyrene 
emission with spectra maxima in the range of 420-460 nm, although the single band was 
considerably broadened and showed no fine vibronic structure as shown in Figure 2.4 below.  
Analysis of the results presented in supporting information Figure 2.11 (appendix 
section) showed that 2,5-DPP and TPP presented high fluorescence intensity in solution form. 
Their fluorescence intensity in solution nearly double in magnitude compared to 2,4-DPP and 
4,6-DPP as observed in supporting information Figure 2.11 (appendix section). Interestingly, 
TPP displayed highest intensity, which is presumably due to three pyrene moieties in its 
structure. 
 

































In thin films, 2,4-DPP and 4,6-DPP recorded higher fluorescence intensities, with 4,6-
DPP showing the highest fluorescence intensity as indicated in Figure 2.5. This effect could be 
attributed to aggregation-enhanced emission associated with 2,4-DPP and 4,6-DPP. Similarly, 
there was a fluorescence band shift of approximately 50 nm with 2,4-DPP and 4,6-DPP in solid 
state, which was not seen in the 2,5-DPP and TPP (Figure 2.4). This effect is presumably 
associated to the structure of the compounds since 2,4-DPP and 4,6-DPP that are possibly more 
symmetrical than the 2,5-DPP and TPP. This symmetrical structure associated with 2,4-DPP and 
4,6-DPP may promote stronger -* stacking which may hinder conformational changes such as 
rotation, causing an aggregation induced fluorescence enhancement as well as an emission shift 
of around 50 nm in thin films from solution. This emission shifting could be originating from 
excimer formation where the two pyrene units are in close proximity such that HOMO of one 
pyrene unit overlaps with the LUMO of the other pyrene unit to yield the excimer band that is 
significantly red shifted.159 2,5-DPP has the two pyrene molecules on para position, which 
presumably separates the HOMO and LUMO, causing them to be far from each other; thus, no 
overlap and no excimer band formation, which leads to insignificant red shifting with 2,5-DPP.  
 
































Concentration based fluorescence results are given in supporting information Figure 2.12 
(appendix), which shows an aggregation induced enhancement with 2,4-DPP and 4,6-DPP and 
aggregation induced slight quenching with 2,5-DPP and TPP. The slight quenching observed 
with the 2,5-DPP and TPP is due to the aggregation of these structures, which leads to a slight 
change in the intensity. Interestingly, there is no significant change in the band position for 2,5-
DPP and TPP thin films. Since the spectral peak positions for 2,5-DPP and TPP are not 
significantly altered, it was concluded that there is insignificant excimer formation in these solid-
state films, while 2,4-DPP and 4,6-DPP’s promote their respective excimers’ formation, which is 
an aggregation that induces fluorescence enhancement rather than quenching. The 
photoluminescence of all the pyrenyl-pyrimidines were approximately confined to blue region of 
the electromagnetic spectrum (EMS) in dilute solutions and greenish-blue region of the EMS in 
the solid-state.  
Table 2.4. Summary of Emission Properties of Pyrenyl-pyrimidines a in Chloroform (2.5µM) 
While the Films were Spin Coated with 100M in Chloroform. 
 
2.6. Quantum yields measurements and Commission Internationale de l’éclairage (CIE) 
 
High photoluminescence efficiency is an important quality to look for good OLED 
emitters, but is not the only criteria for determining electroluminescence efficiency of OLED 
emitters. This is because the electroluminescence mechanism of an emitter may be influenced by 








Stokes Shift  
(nm) 
Sola Film Sola Film Sola Film Sola Film 
2,4-DPP 365 374 425 489 375 384 60 115 
2,5-DPP 372 381 462 440 382   391 92    59 
4,6- DPP 365 377 427 493 375 387 62 116 
2,4,6-TPP 370 372 434 454 380 382 64 82 
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electroluminescence efficiency is strongly affected by OLED architecture and materials electrical 
properties.160, 161 Photoluminescence efficiency of OLEDs emitter is determined in terms of 
PLQY, defined as the ratio of emitted photons to absorbed photons.162 For this reason, absolute 
quantum yield were determined in dilute chloroform solution (2.5M) and in thin films on quartz 
glass, for all the DPPs and TPP compounds, using an integrating sphere attached to a 
spectrofluorometer. Both TPP and 2,5-DPP were observed to have high quantum yield of 
80.05% and 105%, respectively. 2,4-DPP and 4,6-DPP measured quantum yields of 46.4% and 
41.4% in solution respectively. The high quantum yield observed with 2,5-DPP is presumably 
due to structure of the molecule, which may promote the generation of two photons upon 
excitation. To obtain more light from the plane substrate, horizontal orientation of the emitter 
must be necessary because perfect horizontal orientation can boost EQE up to 45%, which is 1.5 
times greater than that for the random orientation.163 This more rigid planarity presumably results 
in the inhibition of internal conversion rates and vibrational motions in these compounds in 
solution form.  
From the analysis of photoluminescence spectrum, we were able to calculate the 
chromaticity coordinates according to the standard established by the CIE (Table 2.3). The 
pyrenylpyrimidine compounds synthesized showed cyan blue fluorescence in solution while 
greenish-blue fluorescence in the solid state. From the CIE coordinate calculated, all pyrenyl-
pyrimidines were found suitable as blue emitters due to these compounds present CIE 
coordinates closer to the recommended value for blue emitter of (0.15, 0.06). The y-ordinate of 
the 2,5-DPP was higher than expected, which explained why the 2,5-DPP gave a sky blue color 




Table 2.5. Summary of quantum yield and C.I.E Properties of Pyrenyl-pyrimidines a in 






Because the pyrenyl-pyrimidine compounds encompass both the electron donating 
(pyrene) and electron withdrawing (pyrimidine) moieties in the same molecule, this potential 
could lead to the formation of the intramolecular charge transfer (ICT) states, which means the 
material acts both as a hole and electron transport material. The formation of ICT states could, in 
principle, lead to undesirable changes in spectral characteristics such as bathochromic shift 
witnessed with 2,4-DPP and 4,6-DPP, broadening of the spectra bands quenching or 
enhancement of the fluorescence intensity, decrease in the quantum efficiency among other 
changes. In our studies, the formation of ICT was investigated from the solvatochromic studies 
of the pyrenylpyrimidines. Photoluminescence spectra of these compounds were recorded in 
solvent of varying polarity from hexane to DMSO as indicated in Figure 2.14. The emission 
band maxima of all the compounds red shifted with increasing solvent polarity from 394  2nm 
(Hexane) to 463  2nm (DMSO), suggesting the possibility of some charge transfer participation 
in photoluminescence spectra. Furthermore, there was considerable decrease in the fluorescence 
intensity with increase in polarity for all the pyrenyl-pyrimidines (Figure 2.14 in appendix 
section), which further suggested the possibility of the charge transfer from the fluorescence 
pyrene moiety to non-fluorescence pyrimidine electron acceptor.  
 




Sola Film Sola 
2,4-DPP 46.35 46.78 0.16, 0.05 
2,5-DPP 105 65.32 0.16, 0.14 
4,6- DPP 41.37 44.34 0.16, 0.05 
2,4,6-TPP 80.05 1.74 0.15, 0.07 
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 2.7. Photostability Measurements 
Photostability and thermal stability are extremely important properties for development 
of OLED devices. An emitting material with significantly high photo- and thermal stability 
would enhance the overall lifetime as well as the applications of such materials under a variety of 
conditions. Analysis of the data presented in Figure 2.7 shows that 2,5-DPP and TPP are 
relatively photostable compared to their isomeric counterparts, 2,4-DPP and 4,6-DPP. The high 
photostabilities for 2,5-DPP and TPP are due to high degree of inter- and intramolecular forces 
that may possibly be emanating from the hydrogen bonding of the hydrogen atoms of the pyrene 
moieties with the nitrogen atoms of the neighboring molecules, which has been shown to 
increase photostabilities.164 This is an advantage for the two novel structures and their potential 
application for OLEDs devices because they are required to be highly stable both thermally and 
upon prolonged exposure to light. Interestingly, 2,5-DPP, which is the most promising deep blue 
emitter, from the CIE coordinates data obtained in solution form and insignificance change on 
fluorescence spectra upon fabricating the solid films, showed insignificant change upon photo 





Figure 2.6. Photostability of DPPs and TPP in solid state. 
 
2.8. Conclusion and Future Work 
In summary, we have designed and synthesized pyrimidine-based materials with a donor-
-acceptor structure by attaching strong electron-donating moiety of pyrenes to different 
positions of the strong electron acceptor pyrimidine and investigating their potential as non-
doped blue emitter materials for OLEDs application. The newly reported 2,5-DPP and TPP 
fluorophores show high quantum efficiency with 2,5-DPP having a quantum efficiency of greater 
than 100% and good thermal stability. Evaluation of the spectral properties and calculated band 
gaps, suggest the potential use of these compounds for optoelectronic applications and as 
emitting material to be used in OLEDs devices. Furthermore, concentration dependent and 
fabrication of solid-state films indicated insignificant fluorescence intensity decrease for 2,5-



























compounds. These molecules also showed high photostability, which is essential for long life 
required for blue emitters.  
For the future work, we propose the measuring of the thickness of the films and the 
fabrication of the actual device so that the external quantum efficiency  (EQE) which is a vital 






















APPENDIX. SUPPORTING INFORMATION FOR CHAPTER 2 
 
Synthesis procedure for 2,4-DPP 
A mixture of pyrene-1-boronic acid (7.20 mmol, 1771.7 mg), 2,4-dichloropyrimidine (3.0 mmol, 
447 mg, Bis(triphenylphosphine)palladium chloride (0.15 mmol, 105 mg) and potassium 
carbonate solution (2000 mmol, 50 ml) in 1,4-dioxane (120 ml) were stirred at 90 C for 24 hrs 
under nitrogen atmosphere. After cooling to room temperature, the mixture was poured into iced 
water, and the solid formed was filtered, the solids were washed several times with 300 ml brine 
solution and dried. Solids were then purified by silica gel chromatography with 60% chloroform 
in hexane. The crude product from the column was further purified by dissolving in chloroform 
and recrystallizing in methanol several times to obtain more than 85% yield of greenish yellow 
solids.   
2,4-DPP- MS, ESI (CHCl3)- m/z 481.17 (M+H
+); 1H NMR (CDCl3, 500 MHz, ppm): δ 9.29 (d, J 
= 9.30 Hz, 1H), 9.20 (d, J = 4.90 Hz, 1H), 8.85 (d, J = 8.00 Hz, 1H), 8.72 (d, J = 9.25 Hz 1H), 
8.41 (d, J = 7.85 Hz 1H), 8.34 (dd, J = 7.85 Hz, 2H), 8.28-8.15(m, 9H), 8.09-8.02(m, 2H), 7.82 
(d, J = 5.0Hz, 2H); 13C Proton Decoupled NMR (CDCl3, 125 MHz, ppm): δ 167.69, 167.12, 
157.20, 133.09, 133.05, 132.58, 132.44, 131.32, 130.81, 130.79, 129.56, 129.05, 128.80, 128.72, 
128.66, 128.47, 128.42, 127.70, 127.43, 127.33, 126.27, 125.99, 125.86, 125.57, 125.55, 125.36, 
125.32, 125.25, 125.10, 124.96, 124.85, 124.76, 124.71, 124.31, 119.87. 
 
Synthesis procedure for 4,6-DPP  
A mixture of pyrene-1-boronic acid (7.20 mmol, 1771.7 mg), 4,6-dichloropyrimidine (3.0 mmol, 
447 mg, Bis(triphenylphosphine)palladium chloride (0.15 mmol, 105 mg) and potassium 
carbonate solution (2000 mmol, 50 ml) in 1,4-dioxane (120 ml) were stirred at 90 C for 24 hrs 
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under nitrogen atmosphere. After cooling to room temperature, the mixture was pored into iced 
water and the solid formed was filtered, the solids were washed several times with 300 ml brine 
solution and dried. The solid were then purified by silica gel chromatography with 60% 
chloroform in hexane. The crude product from the column was further purified by dissolving in 
chloroform and recrystallizing in methanol several times to obtain more than 85% yield 
brownish yellow solids.   
4,6-DPP- MS, ESI (CHCl3)- m/z 481.17 (M+H
+); 1H NMR (CDCl3, 500 MHz, ppm): δ 
9.73 (d, J = 1.0 Hz, 1H), 8.71 (d, J = 9.20 Hz, 2H), 8.35 (dd, J = 13.65, Hz, 4H), 8.27 (t, J = 
14.25 Hz, 5H), 8.22-8.15(m, 6H), 8.08 (t, J = 7.58 Hz, 2H); 13C Proton Decoupled NMR (CDCl3, 
125 MHz, ppm): δ 167.06, 159.12, 132.82, 132.54, 131.34, 130.81, 128.93, 128.83, 128.79, 
127.66, 127.34, 126.35, 125.96,125.65, 125.16, 125.00, 124.71, 124.16, 123.92 
 
Synthesis procedure for 2,5-DPP  
A mixture of pyrene-1-boronic acid (7.20 mmol, 1771.7 mg), 2,5-dichloropyrimidine (3.0 mmol, 
447 mg, Bis(triphenylphosphine)palladium chloride (0.15 mmol, 105 mg) and potassium 
carbonate solution (2000 mmol, 50 ml) in 1,4-dioxane (120 ml) were stirred at 90 C for 24 hrs 
under nitrogen atmosphere. After cooling to room temperature, the mixture was pored into iced 
water and the solid formed was filtered, the solids were washed several times with 300 ml brine 
solution and dried. The solid were then purified by silica gel chromatography with 60% 
chloroform in hexane. The crude product from the column was further purified by dissolving in 
chloroform and recrystallizing in methanol several times to obtain more than 85 yield yellow 




2,5-DPP- MS, ESI (CHCl3)- m/z 481.17 (M+H
+); 1H NMR (CDCl3, 400 MHz, ppm): δ 
9.34 (s, 2H), 9.30 (d, J = 9.4 Hz, 1H), 8.83 (d, J = 8.0 Hz, 1H), 8.38 (dd, J = 7.94 Hz 2H), 8.31-
8.17(m, 11H), 8.13 (dd, J = 7.82 Hz, 2H), 8.10-8.06(m, 1H); 13C Proton Decoupled NMR 
(CDCl3, 125 MHz, ppm): δ 158.03, 132.72, 132.49, 131.80, 131.46, 131.38, 130.90, 130.87, 
129.76, 1229.57, 129.00, 128.82, 128.65, 128.62, 128.42, 127.63, 127.49, 127.35, 126.48, 
126.12, 125.87, 125.73, 125.52, 125.47, 125.34, 125.23, 125.11, 124.94, 124.81, 124.76, 123.82 
 
Synthesis procedure for 2,4,6-TPP  
A mixture of pyrene-1-boronic acid (10.8 mmol, 2657.56 mg), 4,6-dichloropyrimidine (3.0 
mmol, 550.26 mg, Bis(triphenylphosphine)palladium chloride (0.225 mmol,  158mg) and 
potassium carbonate solution (2000 mmol, 75 ml) in 1,4-dioxane (180 ml) were stirred at 90 C 
for 24 hrs under nitrogen atmosphere. After cooling to room temperature, the mixture was pored 
into iced water and the solid formed was filtered, the solids were washed several times with 300 
ml brine solution and dried. The solid were then purified by silica gel chromatography with 60% 
chloroform in hexane. The crude product from the column was further purified by dissolving in 
chloroform and recrystallizing in methanol several times to obtain more than 50% yield 
Brownish yellow solids.   
TPP- MS, ESI (CHCl3)- m/z 681.32 (M+H
+); 1H NMR (CDCl3, 400 MHz, ppm): δ 
9.60 (d, J = 9.4 Hz 1H), 9.09 (d, J = 8.04 Hz, 1H), 8.92 (d, 2H), 8.57 (d, J = 7.88 Hz, 2H), 8.39(t, 
J = 8.34 Hz, 3H), 8.30-8.17 (m, J = 7.82 Hz, 15H), 8.10(dd, J = 7.34 Hz, 3H) 8.07- 8.02 (m, 1H); 
13C Proton Decoupled NMR (CDCl3, 125 MHz, ppm): δ 167.16, 133.46, 132.65, 132.46, 131.35, 
130.84, 129.34, 128.96, 128.76, 128.66, 128.46, 128.37, 127.85, 127.47, 127.36, 126.28, 125.95, 













































































































































Figure 2.9. UV-Vis spectra of   DPPs and TPP samples (in CHCl3) in solid state 
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